Background: Shift work, noise, and physical workload are very common occupational exposures and they tend to cluster in the same groups of workers. Objectives: To study the short and long term effects of these exposures on risk of coronary heart disease (CHD) and to estimate the joint effects of these factors. Methods: The study population in this prospective 13 year follow up study of 1804 middle aged industrially employed men was collected at the first screening for the Helsinki Heart Study. The CHD end points (ICD-9 codes 410-414 and ICD-10 codes I20-I25) were obtained from official Finnish registers. The Finnish job-exposure matrix FINJEM provided information on occupational exposures. Relative risks (RR) of CHD for the exposures were estimated using Cox's proportional hazard models adjusting for classical risk factors of CHD. Results: The RR in the five year follow up for continuous noise combined with impulse noise was 1.28; for shift work it was 1.59, and for physical workload 1.18, while in the 13 year follow up the RRs were 1.58, 1.34, and 1.31, respectively. When adjusted for white-collar/blue-collar status the RRs decreased markedly. The RR in the 13 year follow up for those exposed to two risk factors was close to 1.7 and for those exposed to all three, 1.87. Conclusion: Shift work and continuous noise entailed an excess risk for CHD in the shortest follow up with only a few retired workers but a decreasing risk during the longer follow up. For physical workload and impulse noise the trend was opposite: the CHD risk was increasing with increasing follow up time despite increasing numbers of retired workers.
N ight work and shift work are unavoidable in industrialised societies. Among workers in the European Community, the average number who worked night and shift was 17% in 2000. 1 In Finland, where 23% worked in shifts, 1 the frequency of 2-and 3-shift work has increased, especially in industry, from 26% in 1984 to 36% in 2003. 2 Different kinds of work schedules and irregular working hours have various effects on an individual's health, performance, and wellbeing. 3 Shift work may also be related to increased mortality. 4 5 It has been estimated that approximately 10-20% of shift workers fail to adjust. 6 The coronary heart disease (CHD) risk due to shift work has been extensively studied for decades with both positive and negative findings. [7] [8] [9] [10] In their review, Boggild and Knutsson concluded that on balance shift workers were found to have a 40% increase in CHD risk. 7 Meanwhile, a somewhat later 22 year follow up study found no excess risk of CHD associated with shift work. 8 In a later paper on the work environment of Danish shift and day workers, Boggild and colleagues 9 elaborate on the issue. They found that shift work was commonly associated with other work environment factors shown to be related to CHD, and they raised the question whether shift work could be acting as proxy for other work environment exposures. Indeed, shift work, occupational exposure to noise, and physical workload constitute a triad of factors that tend to cluster in the same groups of workers; they have all been identified as CHD risk factors, 10 but none of them uniformly in all studies, leaving the true culprit's identity open.
Like shift work, occupational noise is also a very common exposure-it has been estimated that in 2002 about 18% of the Finnish work force was exposed to noise level .80 dB and about 8% to noise level .85 dB. 11 In a recent Danish study on noise exposure in some high risk industries, Kock et al found that about 50% of the workers were exposed to more than 85 dB(A). 12 The associations of both environmental and occupational noise exposure with CHD risk factors have been studied for decades, yielding both positive and negative findings. In their meta-analysis, van Kempen and colleagues 13 concluded that this relation between noise exposure and ischaemic heart disease is still inconclusive. However, after this meta-analysis Davies et al performed a large CHD mortality follow up of Canadian lumber mill workers with different levels of exposure to noise.
14 They found an exposure-response trend with an RR of 1.5 in the highest exposure group. In our previous study based on a larger population than the present one, we found a significant excess risk of CHD, ranging from 25% to 60%, depending on the length of follow up time and reference group used. 15 The CHD risk of the workers exposed to noise, especially impulse noise, persisted even when most of the cohort was retired and thus no longer exposed to occupational noise.
Physical activity is a well known protective factor in cardiovascular diseases (CVD) and in all-cause mortality. 16 Not only leisure time but also occupational physical activity were found to reduce CVD and all-cause mortality. 17 On the other hand, high physical workload was found to be a risk factor in all-cause and CVD mortality. 18 In a register and job exposure matrix based study on cardiovascular mortality among Finnish males, it was found that the most influential job exposures were high workload, low control, noise, and shift work. 19 In contrast to psychosocial factors, physical workload, noise, and shift work form a true triad of ''hard'' occupational risk factors. For preventive purposes it would be important to know not only their independent effects-if any-but also their joint effects. As far we know, there are no studies exploring the joint effects on CHD risk inside this triad. In addition, does the increased risk persist, even when there is no more exposure, or will it disappear as in case of smoking and CHD risk, where the considerable excess risk decreases when a person stops smoking? 20 This is a new and pragmatic view when evaluating occupational risks, and will be relevant for a growing number of older workers.
The aim of the present study was to compare the short term and long term effects of occupational exposures to noise, physical workload, and shift work on risk of CHD among industrially employed men. Secondly, we evaluated the joint effect of these exposures and also studied the persistence of this effect with increasing follow up time-that is, increasing age of the worker.
METHODS
Study population and follow up via linkage to population registers The subjects were selected from among the participants of the first screening visit for the Helsinki Heart Study (HHS), a five year randomised, double blind, placebo controlled primary prevention trial of gemfibrozil, a lipid lowering drug, in middle aged men (aged 40-55 years at entry). 21 The participants for the trial were selected via two successive screenings at two government agencies (n = 12 893) and five industrial companies (n = 6046). All those with non-HDL cholesterol below 5.2 mmol/l were excluded, as were those who had CHD or any other major illness. However, a low cholesterol control group was formed by randomly selecting every seventh participant from those not fulfilling the inclusion criteria. A second control group was formed from those participants with non-HDL cholesterol above 5.2 mmol/l at the first screening, but below 5.2 mmol/l at the second screening. Those who fulfilled the lipid criterion at both screenings, but had evidence of CHD, were included in a secondary prevention trial. After the double blind trial all trial participants were offered free gemfibrozil until the end of 1995.
In the present follow up cohort, only participants employed in industry were included (fig 1) . At the end of the trial in 1986-87, a psychosocial questionnaire was sent to all those who participated in the primary and the secondary trials, and also to those in both control groups. The response rate was 70% (n = 1947) for the industrial group. After the exclusion of those with missing information on occupation or shift work status and a small group of part-time and night workers, the study group comprised 1804 men. Of these, 46.9% had never been on gemfibrozil, 31.5% had been on gemfibrozil either during the double blind trial or thereafter, and 21.6% continued medication after the double blind trial.
Among the participants were 344 men who were already retired when completing the questionnaire. However, we decided to include all subjects in the study because of examining the long term effects. The average age of retirement in Finland is 59 years, 22 and at the end of 1999 there were, if alive, 91.0% of men 59 years or older.
The cardiac end points were obtained from the Hospital Discharge Register (kept by the National Research and Development Centre for Welfare and Health) and the Register of Deaths (kept by Statistics Finland). Several studies have found these registers to be accurate enough for epidemiological purposes in studies on CHD. 23 Shift work status and occupation Shift work was recorded in the questionnaire on the following 6-point item: day work, part-time work, 2-shift work, 3-shift work, irregular work, and night work. In the analyses a dichotomised variable was used (day work, shift work-all combined). Irregular shift systems, with variation in the number and sometimes also the length of the consecutive morning, evening, and night shifts, were a minority in this sample. The 14 men working part-time, 2 men working nights, and 117 men without shift work information were excluded.
Occupational information was based on the 3-digit occupational code used in the 1980 census-a Finnish version of the Nordic Classification of Occupations of 1965. 25 This information was obtained by record linkage with Statistics Finland. The linkage was based on Personal Identification Numbers. There are 10 major occupational classes. We considered classes 0, 1, and 2 as white-collar work and classes 3 to 9 as blue-collar work. The four largest blue-collar occupational categories were paper and board mill workers, sawyers, forestry supervisors, and forklift operators etc. Forty four per cent of the white-collar workers were technicians in chemical or mechanical engineering or technicians working in other branches of engineering. The 10 men without an occupational code were excluded.
In this industrial study population, 71.0% of the participants were blue-collar workers. Among the blue-collar workers, 48.2% were shift workers, compared with only 9.0% of the white-collar workers. Most of the participants in the shift work groups (93.8%) had held their jobs for more than five years. Linkage to FINJEM to obtain estimates of exposure to noise or perceived physical workload FINJEM is a multipurpose information system which covers major occupational exposures occurring in Finland since 1945. 26 Agents, occupations, and calendar periods are the basic dimensions by which exposure is assessed. Exposure is characterised by the proportion of exposed (P) and the mean level of exposure among the exposed (L) by occupation and period. The exposure estimates are based on the judgement of about 20 experts at the Finnish Institute of Occupational Health. The grounds for estimates, definitions of agents, and measurement/survey data are documented in the FINJEM database.
In this study exposures of continuous and impulse noise are used for the period 1985-94. The latter is occupational exposure to noise entailing such impulse that the equivalent dose in dB underestimates the risk of noise induced hearing loss. The proportion of exposed and the mean level of exposure were linked to the data using 3-digit occupational code. The proportion of exposed in both noise exposures was either 0% or 100%, so in the analyses only the mean level of exposure was used. The mean level of noise exposure among 864 (47.9%) of the men exposed ranged from 80 to 100 dBA. Of these, 184 (10.2% of all) were also assigned as exposed to impulse noise. All men exposed to impulse noise worked in manufacturing and related work (table 1). None of the white-collar workers was exposed to noise.
In the analyses both continuous and impulse noise were divided into two classes: 0, >80 dB, and unexposed and exposed respectively. If a man was exposed to impulse noise he was also exposed to continuous noise. The combined noise variable consisted of three classes (no noise, continuous noise, continuous and impulse noises).
The FINJEM estimates from the period 1985-94 were used to assess perceived physical workload, referring to tasks where the whole body is exerted by dynamic muscular work. Exposure estimates were based on data of the 1990 survey of working conditions by Statistics Finland. About 4000 salaried workers were interviewed in this survey. Those who considered their work to be physically rather heavy or very heavy were considered to be exposed. The level of exposure was derived from the distribution of responses between rather heavy and very heavy work (score between zero and one). If the number of respondents in an occupation was small, data from a suitable proxy occupation were used. The exposure metric used in the analyses was the product of the proportion of the exposed and the mean level of exposure in that occupation. In the analyses this variable was categorised into tertiles.
Blood pressure, serum lipids, and some lifestyle factors Blood pressure, height, and weight were measured at the first screening visit by experienced nurses at the workplace clinics of the participants. The lipid measurements in this lipid modulation trial have been described in detail elsewhere. 21 Smoking habits were also recorded by questionnaire at the first screening visit (daily consumption of cigarettes), and a dichotomous variable (current smokers, non-smokers) was used in the analyses. Ex-smokers were coded as nonsmokers.
Treatment with gemfibrozil
As shown in fig 1, some of the subjects in the present study had participated in the clinical trial, and during our follow up 44.2% of the present study population were on gemfibrozil.
The triad of occupational exposures: shift work, noise, and physical workload There was a high degree of clustering among the three exposures: among those with manufacturing and related work (occupational category 7), 73.3% were exposed to noise, 70.9% to shift work, and 76.8% to physical workload, while among white-collar workers, none were exposed to noise, only 9.0% to shift work, and only 1.7% to physical workload (table 1) .
The Spearman correlation coefficient between combined noise and physical workload (tertiles) was 0.58. A high percentage of those exposed to noise were simultaneously exposed to a higher level of physical workload (34.8%) or to both physical workload and shift work (21.6%). All subjects exposed to impulse noise were also exposed to physical workload.
Noise, shift work, physical workload, and levels of some classical risk factors for CHD An overview of the mean body mass index (BMI), systolic blood pressure (SBP), diastolic blood pressure (DBP), and serum total cholesterol as well as the percentage of smokers and use of gemfibrozil by different occupational exposures is given in table 2. Continuous noise exposed blue-collar workers had the highest BMI, but other factors were highest for blue-collar workers exposed to both types of noises. Among unexposed white-collar workers the mean SBP was 137.1 mm Hg compared with 142.2 mm Hg in blue-collar workers exposed to both noises. There were no substantial differences between blue-collar day and shift workers, but differences between white-collar and blue-collar day and shift workers were more obvious. The greatest difference for smoking was found between white-collar day workers and shift workers: 28.2% of day workers smoked compared with *0 = technical, physical, science, social science, humanistic, and artistic work; 1 = administrative, managerial, and clerical work; 2 = sales work. ÀFine mechanical work; iron and metalware work; electrical work; wood work. Graphic work; glass, ceramic and clay work; chemical processing and related work. 1Product of proportion of exposed (prevalence P) and the mean level of exposure among the exposed (level L).
46.8% of shift workers. Almost all (98.3%) white-collar workers were unexposed to physical workload. However, mean levels of SBP and DBP were considerably lower than in unexposed blue-collar workers. The mean ages for different occupational exposure groups varied between 52.3 and 53.0 years.
Statistical analysis
Means of SBP, DBP, BMI, and total serum cholesterol, and percentages of smoking were used to compare possible differences in the groups formed by occupational exposures.
To study the effect of the three occupational exposures on risk of CHD, Cox's proportional hazards models were used. Noise exposure was studied as a combined variable of three categories: no noise, continuous only, and both continuous and impulse noise. Shift work was treated as a dichotomous variable, and physical workload was categorised into tertiles. To evaluate the possible mediating or confounding effect of other CHD risk factors we added them into the model. For joint effects we formed a new variable on the basis of the dummy variables to represent different combinations of the risk factor levels, as is usual in experimental design. In the case of shift work (SW) and combined noise exposure (NO), for instance, the study population was divided into the following groups using a grouping variable: SW2&NO2, SW2&NO+, SW+&NO2, SW+&NO+.
On entering the study the men were 45-62 years old and at the end of the study they were 57-74 years old. As the follow up was long enough to allow for most of the subjects to be retired before the end-point, different follow up times were used to study if aging (retirement of subjects) had an effect on CHD risk. The analyses were performed using the statistical packages Egret for Windows and SPSS 12.0.1 for Windows.
RESULTS
Noise, shift work, and physical workload as predictors of CHD risk We estimated the CHD risks for the three exposures using three follow up times, until the end of 1991, the end of 1995, and the end of 1999 (table 3) . At the end of 1991 most of the subjects were still working, while at the end of 1999 most were retired. By comparing the risks obtained using different follow up times, we could see whether the risk persisted even after retirement. For the noise exposure two different trends emerged: ''continuous noise only'' was a significant risk factor (RR = 1.48, p = 0.05) in the shortest follow up, but no longer when the follow up was extended. In contrast, the risk due to ''both noises'' increased with increasing follow up time, with an RR = 1.58 (p = 0.01) when the follow up lasted to the end of 1999. A fairly similar pattern was found for physical workload with RR = 1.31 (p = 0.03) in the longest follow up. In the case of shift work the risk clearly decreased when the follow up was extended: those working shifts had RRs of CHD of 1.59, 1.41, and 1.34 (for all, p = 0.01) compared with day workers.
By adjusting for some lifestyle related factors we explored what part of the effect of the occupational factors on CHD risk was possibly accounted for by lifestyle factors. The risks associated with all three occupational factors decreased somewhat, suggesting that the effect was partially mediated by lifestyle. We also explored the effect when occupational factors were adjusted for the remaining other factors. In case of noise and shift work, and physical workload and shift work the risks diminished but remained significant. If the adjustment was made for white-collar/blue-collar status the CHD risks decreased considerably.
The risk patterns were quite similar after adjusting for age or treatment with gemfibrozil.
Joint effects of shift work, noise, and physical workload Table 4 shows first the joint effects of shift work and noise. When followed up to the end of 1999, shift workers exposed to both continuous and impulse noise had RR = 1.59 (p = 0.04) compared with unexposed day workers, and shift workers with physical workload in the highest tertile had RR = 1.69 (p , 0.001) compared with day workers with no or lower exposure to physical workload. Similarly, those exposed to both continuous and impulse noise and physical workload in the third tertile had RR = 1.68 (p , 0.001) when compared with those unexposed to noise or greater physical workload. The trends in the patterns of risk with increasing follow up time (21995 and 21999) mirrored those seen in table 3 in all exposure combinations-that is, the RRs associated with shift work decreased with increasing follow up time (more workers retired), while the RRs associated Table 3 Noise, shift work, and physical workload as a predictor of coronary heart disease (CHD) risk among industrially employed men for different follow ups (FU) The relative risks (RR) with 95% confidence intervals (95% CI) and p value were derived using Cox proportional hazards models with different covariates. SBP, systolic blood pressure; TotC, total serum cholesterol; Smo, smoking; BMI, body mass index. *p,0.05; **p,0.01. ÀProduct of proportion of exposed (prevalence P) and mean level of exposure among the exposed (level L).
Noise adjusted for day/shift work, day/shift work adjusted for noise, physical workload adjusted for day/shift work. The relative risks (RR) with 95% confidence intervals (95% CI) and p value were derived using Cox proportional hazards models with different covariates. SBP, systolic blood pressure; TotC, total serum cholesterol; Smo, smoking; BMI, body mass index. *p,0.05; **p,0.01; ***p,0.001. ÀPW+ when product of prevalence (P) and level (L) is in 3 tertile.
with physical workload or a combination of continuous and impulse noise increased with increasing follow up time. The RRs of the joint effects of two exposures were mostly higher than the RRs of the separate exposures, but did not show any risk peaks. Adjustment for SBP, BMI, smoking, and total cholesterol decreased the RRs somewhat, indicating one possible lifestyle related pathway for the effect. Adjusting for white-collar/blue-collar status considerably decreased the risk estimates. Only the joint effects of shift work and physical workload (RR = 1.5, p = 0.03) and noise and physical workload (RR = 1.44, p = 0.06), remained significant or borderline significant in the follow up until 1999. The risk patterns were quite similar after adjusting for age or treatment with gemfibrozil.
The unadjusted RR of those exposed to all three risk factors was 2.21 (p = 0.01) until the end of 1991 and 1.87 (p , 0.001) until the end of 1999 compared with those unexposed to any of the factors.
DISCUSSION
In our follow up study of industrially employed, middle aged males the common occupational exposures shift work, noise, and physical workload all emerged as significant risk factors of CHD. Their joint effects did not show any high risk peaks; the RR of those with all three risk factors present was about twofold compared with those with none of the factors. Shift work and continuous noise entailed an excess risk for CHD in the shortest follow up with only few retired workers but a reduced risk during the longer follow up times with increasing number of retired workers. For physical workload and impulse noise the trend was opposite: the CHD risk increased with increasing follow up time.
Possible pathways for the short term and long term effects of the risk factors The finding that occupational risk factors may extend their effect into old age is not new. In a 25 year follow up of mortality in the Whitehall study, 27 those in the lowest employment grade compared with the highest had RR 3.12 when not retired and 1.86 when retired. The impact of occupation thus remained considerable. As pointed out by Kasl, there are different steps or transitions in the development of CHD, and different mechanisms may influence these steps. 28 It is thus to be expected that a long follow up may reveal different features of the putative risk factors.
Continuous noise involved increased CHD risk mainly during the shortest follow up, when most of the subjects were still employed, but if impulse noise and related workload were present, the excess CHD risk persisted long after the subjects had retired. In the study by Davies et al on CHD risk associated with exposure to noise, much higher relative risks were evident for subjects during their employed years. 14 We may speculate that noise has an effect both on short term triggering mechanisms and on long term processes enhancing atherosclerosis. It has been suggested that noise may have direct physiological stress reactions via the hypothalamus-pituitary-adrenal axis with secretion of stress hormones followed by an increase of blood pressure and heart rate, strong risk factors of CHD in the long term. 29 According to Morrell et al, noise may precipitate complications in susceptible subgroups, for example by triggering arrhythmias-an example of short term effects. 30 Noise may also have adverse psychosocial effects, such as problems of sleeping, or stress related behavioural changes, such as alcohol consumption or smoking-all risk factors of CHD with both short and long term effects. 13 The estimates of CHD risk due to shift work were higher in the short term than in the long term follow up, although the latter also remained steadily significant, suggesting the presence of both short term and long term risk factorsshort term meaning here ''during active working life'' and long term, ''during working life and retirement''. Like noise exposure, shift work also entails adverse psychosocial effects such as lack of social support and possible effort-reward imbalance at work, 31 but shift work can also induce CHD by behavioural and circadian rhythm/sleep related pathways. 32 The shift workers in this study smoked more than the day workers, although they were physically more active than the day workers. 33 In our earlier study, 34 shift work seemed to trigger the effect of other, lifestyle related risk factors of CHD (especially smoking and obesity), and it could thus be hypothesised that after retirement, the disappearance of these behaviour related joint effects would also rapidly decrease the risk of CHD. We did not have information on the possible shift related differences in diet, which could be another mediating factor for the observed higher risk of CHD among shift workers. However, earlier studies among industrial workers indicate that even though 2-and 3-shift work affects the circadian distribution of food intake, there are no significant differences according to type of shifts in the energy intake or in the quality of food. 35 Finally, transfer from shift work to day work of subjects with symptoms related to CHD, causing exposure misclassification, could also explain the diminishing CHD risk among the shift workers.
The disruption of circadian rhythms may entail several pathways to CHD, some related to the increases in the frequency of sleep disturbances, 30 some due to changes in other circadian rhythms. Many of these changes can trigger short term stress reactions and mechanisms increasing the clinical manifestations of CHD. Only six successive nights of time in bed restricted to four hours per night increased the activity of the sympathetic nervous system, increased evening cortisol concentrations, and decreased glucose tolerance similar to normal aging. 36 The frequency of ventricular extrasystoles increased by 49% among shift workers during the first year of shift working in a prospective study of new shift workers, the increase being significantly higher than among the daytime workers. 37 Experimental short term sleep deprivation also increased peripheral circulation of leukocytes, interleukins, and C-reactive protein, the latter being a predictor of the risk of stroke and myocardial infarction. 38 39 Recently, shift workers were found to have an increased death risk for stroke, the highest risk being already observed during the first five years after starting work. 5 By physical workload the CHD risk became manifest mainly during the longer follow up, when most of the subjects had retired. It is noteworthy that those exposed to impulse noise were all also exposed to physical workload. This high correlation of the two exposures complicates the search for the pathways for their effect on CHD risk and it also complicates the ability of the study to separate their affects on CHD risk.
Is there an independent effect on CHD risk of any of the factors? Firstly, it is questionable to apply the notion of ''independent effect'' in the present case with a triad of exposures with a high degree of simultaneous occurrence, and with partly similar pathways to disease. Secondly, in the case of noise and physical workload it would be questionable from a statistical point of view to adjust for one of them when studying the risk associated with the other, as they were highly correlated. Thirdly, as the factors of the triad occur mainly among blue-collar workers, we adjust for them when adjusting for white-collar/blue-collar status. After these caveats we consider and compare the effects of the separate factors.
There has been some concern about the contradictory findings on the risk factor status of shift work. The 22 year follow up in the Copenhagen Male Study found no association between shift work and risk of CHD mortality, and their study clearly showed that the lack of difference in CHD risk was not due to the length of the study or aging of the study subjects. 8 In our study the risk factor status of shift work is obvious, and the only clear difference in the study populations is that we have an industrial study cohort, while the subjects in the Copenhagen Male Study came from various occupational fields. In our study the risk estimates for shift work ranged from 1.62 to 1.22, depending on length of follow up, reference group, or factors adjusted for. In every case it was significant or borderline significant (p = 0.1). It thus seems that shift work even has an independent effect. The CHD risk due to continuous noise was present mainly together with shift work, while the risk due to impulse noise was significantly present in the longer follow up independent of shift work. However, as impulse noise occurred only together with physical workload, it is difficult to separate the effects of these two factors on CHD risk.
Limitations of the study Our study deals with industrially employed males in late middle age, and most of them were retired at the end of the follow up. It is thus predominantly a study of late effects, and the risk estimates might be different for currently employed subjects, especially in the case of shift work and exposure to continuous noise, where the shorter follow up gave higher estimates of risk than the longer one.
A drawback is that we do not have any information on their job status during the follow up, either on promotions to day work, or retirement. However, because of the high mean age (40-55 years) at the start of the follow up, the cohort can be regarded as a selected group and early drop-outs due to starting shift work could not occur in this study.
The information on exposure to noise or workload was not obtained through interview, as was the shift work status, but by linkage to the FINJEM job exposure matrix. The risks obtained through job specific information tend to be lower than those based on person specific information. 27 The risks associated with exposures to noise or workload may thus be underestimated.
The focus of the present study was on the triad of hard occupational exposures, and although the lifestyle factors and principal risk factors for CHD were taken into account, psychosocial factors were not dealt with. The possibility of effect modification or confounding by such factors remains open.
Implications for research and prevention
The different trends in the long term risks of shift work, noise, and physical workload after the retirement of most of the workers indicate differences in the pathways from the exposures to CHD. To study the different mechanisms of shift work, noise, and physical workload in relation to cardiovascular health, further studies are needed not only with the regular follow up information of the health outcomes studied, but also exposure, risk factors, and moderators of cardiovascular health.
A recent study of retired monozygotic twins discordant on exposure to night work showed that retired night workers still had an increased risk for poor subjective health and disturbed sleep. 40 We are aware of no earlier studies indicating that the increased risk for CHD due to shift work is diminished after cessation of the exposure with retirement from work. Since this was not the case in relation to exposure to physical workload and impulse noise, the observation cannot be regarded as self-evident. The diminishing risk after leaving shift work seems to support the recommendations originally given by the ILO Night Work Convention 1990, 41 that shift workers with high cardiovascular risk should be transferred to day work, if possible. As shown by this study, even a later cessation of shift work exposure seems to decrease the risk for CHD. N Those exposed to all factors of this triad had approximately a twice greater CHD risk than those exposed to none of them.
N The information on exposure to noise or workload was obtained by linkage to the FINJEM job exposure matrix that gives job specific and not individual specific information on the exposition. The CHD risk due to noise or workload may thus be underestimated.
Policy implications
N Shift workers with high cardiovascular risk should be transferred to day work, if possible. Even a later cessation of shift work exposure seems to decrease the risk for CHD.
N If workers cannot avoid impulse noise they should protect themselves from it.
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